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HIGH PRESSURE STUDY OF FERRO:LAGI{ETIC US*

C. Y. Huang, R. J. Ldskok#ski,** C. E. Olsen, and J. L. Smith

10S Alamos Scimtific Laboratory, !jnitiersity of California

Los Almos, W 13754f USA

Resti--- bous avons &tud16 la variution avec la presslon hydrostatiquede ~a

susceptlbilit~ ●c magn~tique d-un ~%antillons Polycrystalline du fermmagn;tique

!iulflde d“Uranim (US). Sa tmp~rature Curie decroit lln&icwmt de 180,0 K, ~ id

pression atmlsptirique, jusqu-~ 175,9 K ~ 17,6 kbar.

Abstract. --Ue Mve investigated the variation of ttw

of a polycrystalline !e~gnet US as a funct+m of

Curie te=persture decreases linearly frm 180.0 K#t

175.9 K at 17.6 kbar.

ac magnetic susceptibility

hydrostatic pressure. The

the atmospheric preswrc to

1. Intrud3ction .--In ttm actinide series the greater extent of the 5f atcric—.

bavef.rctions ir+lies that tke cr~st~l field interactions tre qreater thn tlmse

{n tbe lanth.snide sertes. This large crystal-field potential leads to a bre~k-

do~m G’ Russell-Saunders cou~lirrg. The difficulties in understlndinq the Pag-

netis= of the a:tinide ~rp further enhanced by the absence of any spontaneous

nagnetisn ot the early ●lmwts (U, tin. and pu) in t~ series. Ibnetheless, ccr-

pounds of these ●lments, ●specially those with elments of group VIA (S, Se, Te)

1,2
s- fwrcmgnetic ordering. All these mxmchalcogenldes crystallize ith the

NaCl crystal structure. They are fairly good metallic conductors.

Guided by the unusual pressure aepmdence of t~e su ;ercctnductln.1 tran~ltlcn

twperature of brar.iuc r=etal.
3

PuLer, et al
4

irkestiqatce Llli pressure effect> on

ferromqnetic Wt. Tbcy four; th~? tt,c $a?.ration r:;rc?]c ‘.~mt lies reduced by

r~rc tbari 90 at 20 b.b~r and that :% Curie tm~eraturc k+s ;’r~$’.’~r~ idcpcl:dent.

C~r lnvesti~aLion on the PI-C\I Irc effect on fc!ro:;,lqr.~:ic LK bds stlrl”latd

by !*e$e ir,terest:ng propertie$ of urrnim c~;~o~nd~,,

— .— —— . ._.
●iinri. perfom+:’ ~ndcr !hc ausrice:, cf :hp ULNI! .

““Sr.-er Pesearch J\sistdnt.



2. Experimental Results. --TF,e uraniun ronosulfide z:fid in t+is experiment was.—

prepared by the direct reacticr of ur~niun -etal I(itn elerental s~)lfur. IJraniun

turnings with sufficient amount of sulfur tc p:w.lute a sliqhtly hyperstoichio-

~etric rnonosulfide and a small ar,ount of iodine to bOOSt the reaction are placed

in ~ ragnesium oxide crucible which In turn are plaCHI in a sealed stainless steel

reaction vessel. The crucible portion of the reaction vessel is placed In a pot

f~rnace and slowly heated until the reaction starts (500 -6 CO”C). The charge is

tnen cooled to room Lmperature. The reaction product can then be melted in ~n

argon arc furnac(. This seco~d melting consolidated the reaction product and,

d: the same tine, remved any excess sulfuc in the product.

A h:y: ;~c::urt cc!? K!:” :kc ;i;:c:-zj-?;rker Jrrdn;crcn: tic:i~:ed by

C. H. ChU was employed in this study. High pressure was generated at rocm ten-

Lerat’.re u~ ‘“j d one-to-one ri[:bre of isoamyl dlcl,ol and r-pentane to tr~nsr,i~

tne pressure. TFe pressure wa$ detemined by a superconducting Pb mancmetcr.

The isobaric runs were made bj locking the pressure at row tenpera:ure using d

5e-Cu cldrp before varying the temperature of the sample and the CltNIp.

Fig. I shows t?,e measured Curie tenpcratures, Tc, which we defined to be

the tmper~tures of the mdxir~ of the ac susceptibility. In contrast to l!Pt,

Tc for US decrea:es linearly fnxa 180.0 K at the atmospheric pressure to 175.9 K

at 17.6 kbdr. He have also anal ized cwr susceptibility dati usings x = constant

I-117L,,,. )), xkcrc C i s the CuF~P can:t~~t ;rd 2 tb,e pararlagnctic Curie tr,pera-

Lure. 9ur data revc~led that dccreascd with pre”,$ure. The raqnetic nment at

17.6 k.bar decreased ‘U 30. fr~-’ its value dt the atmospheric pressure.

3. Clscussions .--First, the \irplest theory for describing tb,e actinicic tlaCl-. ——. —._

s~ruc;~rc ccr;)ound is the one In which an intqral nwlber Oc f electrons on the

6
ac!iride is assumed. Accordipqly, (lrunzwein-(ienoss ~r, c: ?1 tool ur(llliurl in

.
tit”jliblChdlcogcnidcs to bc Iti+ \/itll a 5f2 configuration an,! \iitll the total dn-



gular momentum

Ingly, because

that of the 4f

of J = 4 in the ground state as a good qu.ntum number. Contrast-

the spatial extent of 5f electrons is considerably greater than

electrons in lanthanides and the band approach is more appropriate

than the localized magnetic n(oment approximation Davis7 has made the band cal-

c~lations and his results are consistent with the photoemisston work on US by

Easbnan and K{!znietze who cmcluded that the Fermi surface is located in a

broad f-d band which is almost indistinguishable frcm the conduction band. Fol-

loking Goodenough’s ideag of a critical interatomic distance beyond which elec-

trons are ~ocalized and under which they are itinerant, Hill
10

combined the

localized and band approaches by proposing a critical value for the actinide-

actinide spacing beyond which magnet

From the discussions above, it

ture - i.e. under high pressure, the

c ordering results.

s clear that our data support the band plc-

U-U spacing In US decreases, resulting in

a broadening of ~he f band and an i!lcrease in the f electron participation in

the bonding of the metal. This “daocaliz ation” of the f electrons gives rise

to a reduction in the magnetic mom!.nt at high pressure.

Extrapolation of our data Indicates in the Tc that the 5f elec

completely delocalized at z 1 megabar pressure. It is interesting

whether the system m’

Acktiowledqement,. --He

rons could be

to speculate

11
ght become superconducting ~’i this point simi’ar to Ce,

would like to thank C. U. Chu for allowing us to use his

high pressure cell.



Figure Caption—.

rig. 1, Curie temperature, Tc, versus pre- lf us.
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